taxonomic structure of metagenome read sets [11] [12] [13] . While these k-mers based classifiers 7 1 differ in term of sensitivity and specificity [14] , they rely on accurate genome databases for 7 2 affiliating read to a taxonomic rank. 7 3 The objective of the current work was to evaluate an alternative method based on k- 7 4 mers counts to study species delimitation on extensive genome datasets. We therefore 7 5 decided to employ k-mers counts for assessing similarity between genome sequences 7 6 belonging to the Pseudomonas genus. Indeed, this genus contains an important diversity of 7 7 species (n = 207), whose taxonomic affiliation is under constant evolution [15] [16] [17] [18] [19] [20] [21] , and 7 8 numerous genome sequences are available in public databases. We also proposed an 7 9 original visualization tool based on D3 Zoomable Circle Packing 1 0 0 containing less than 150 scaffolds. An integrative tool named KI-S was developed. The number of shared k-mers between 1 0 4 genome sequences is first calculated with Simka [9] . A custom R script is then employed to 1 0 5
cluster the genome sequences according to their connected components at different selected The taxonomic profiles of 9 metagenome read sets derived from seed, germinating seeds 1 1 5 and seedlings of common bean (Phaseolus vulgaris var. Flavert) were estimated with Clark 1 1 6 version 1.2.4 [13] . These metagenome datasets were selected because of the high relative abundance of reads affiliated to Pseudomonas [22] . The following Clark default parameters -
k 31 -t <minFreqTarget> 0 and -o <minFreqtObject> 0 were used for the taxonomic profiling. Three distinct Clark databases were employed: (i) the original Clark database from original Clark database supplemented with the 3,623 Pseudomonas genome sequences number of shared k-mers. For this third database, genome sequences were clustered at
>50% of 15-mers. Selection of optimal k-mers size and percentage of shared k-mers 1 2 9 Using the percentage of shared k-mers as an OGRI for species delineation first required to 1 3 0 determine the optimal k-mers size. This was performed by comparing the percentage of shared k-mers to a widely acknowledged OGRI, ANIb [4] , between 934 Pseudomonas
genome sequences. Since species delineation threshold was initially proposed following the profiles obtained with k-mers lengths ranging from 10 to 20 were compared to ANIb values. Short k-mers (k < 12) were evenly shared by most strains and then not discriminative ( 1). As the size of the k-mers increased, a multimodal distribution based on four peaks were observed (Fig. 1) . The first peak is related to genomes sequences that do not belong to the same species. Then, depending on k length, the second and third peaks (e.g. 50% and 80% for k = 15) corresponded to genome sequences associated to the same species and
subspecies, respectively. The fourth peak at 100% of shared k-mers was related to identical Fifty percent of 15-mers is closed to ANIb value of 0.95 (Fig. 2) , a threshold commonly employed for delineating bacterial species level [4] . More precisely the median comparisons (500-fold decrease of computing time). The percentage of shared 15-mers was then used to investigate relatedness between 3,623
Pseudomonas genome sequences publicly available. At a threshold of 50% of 15-mers, we sequences was by far related to P. aeruginosa species (n = 2,341), followed by the 1 5 6 phylogroups PG1 (n = 111), PG3 (n = 92) and PG2 (n = 74) of P. syringae species complex 1 5 7 ( [16] ; Table S1 ). At the clustering threshold employed, 185 cliques were composed of a 1 5 8 single genome sequence, therefore highlighting the high Pseudomonas strain diversity. Moreover, according to Chao1 index, Pseudomonas species richness is estimated at 629
cliques [+ 57], which indicates that additional strain isolations and sequencing effort are hierarchical clustering by dendrogram for a large dataset is generally not optimal. Here we between genome sequences ( Fig. 3 and FigS1.html) . The different clustering thresholds that can be superimposed on the same graphical representation allow the investigation of inter- and intra-groups relationships ( Fig. 3 and FigS1.html) . This is useful for affiliating specific 1 6 7 clique to a group or subgroup of Pseudomonas species. Improvement of taxonomic affiliation of metagenomic read sets. 1 
0
The taxonomic composition of metagenome read sets is frequently estimated with k-mers specificity, they all rely on accurate genome databases for affiliating read to a taxonomic rank. Here, we investigated the impact of database content and curation on taxonomic affiliation. Using Clark [13] as a taxonomic profiler with the original Clark database, we classified metagenome read sets derived from bean seeds, germinating seeds and seedlings NCBI to the original Clark database did not increase the percentage of classified reads ( Fig.   1  7  8   4) . However, adding the same genome sequences reclassified in cliques according to their percentage of shared k-mers (k=15; threshold= 50%) increased 1.4-fold on average the
number of classified reads (Fig. 4) . Classification of bacterial strains on the basis on their genome sequences similarities has 1 8 5 emerged since a decade as an alternative to the cumbersome DNA-DNA hybridizations [24] . 1 8 6 Although ANIb is the current gold-standard method for investigating these genomic 1 8 7 relatedness, its intensive computational time prohibited its used for comparing large genome 1 8 8 datasets [7] . In contrast, investigating the percentage of shared k-mers is scalable for
comparing thousands of genome sequences.
In a method based on k-mers counts, choosing the length of k is a compromise sequences is impacted by k length. For k = 15, four peaks were observed at 15%, 50%, 80% and 100% of shared k-mers. The second peak is closed to ANIb value of 0.95 and falls in the so called grey or fuzzy zone [24] where taxonomists might decide to split or merge species. Hence, according to our working dataset, it seems that 50% of 15-mers is a good proxy for estimating Pseudomonas clique. Despite the diverse range of habitats colonized by different 1 9 7 Pseudomonas populations [19] , it is likely that the percentage of shared k-mers has to be 1 9 8 adapted when investigating other bacterial genera. Indeed, since population dynamics, 1 9 9 lifestyle and location impact molecular evolution, it is somewhat illusory to define a fixed 2 0 0 threshold for species delineation [25] . While 15-mers is a good starting point for investigating Genomic relatedness using whole genome sequences becomes a standard for 2 0 5
bacterial strain identification and bacterial taxonomy [24, 26] . This proposition is primarily debate between systematicians [27] . While this consideration is well beyond the objectives of (LINbase [30] ) or the Genome Taxonomy Database (GTDB [26] ) proposed services to 2 1 5 classify and rename bacterial strains based ANIb values or single copy marker proteins. Using the percentage of shared k-mers between unknown bacterial genome sequences and reference genome sequences associated to these databases could provide a rapid complementary approach for bacterial classification. Moreover, KI-S tool, provides a friendly visualization interface that could help systematicians to curate whole genome databases. Indeed, zoomable circle packing could be employed for highlighting (i) misidentified strains, (ii) bacterial taxa that possess representative type strains or (iii) bacterial taxa that contain 2 2 2 few genomes sequences. Association between a taxonomic group and its distribution across a range of habitats is useful for inferring the role of this taxa on its host or environment. For instance, community subset of 934 Pseudomonas genomic comparison. 
